Abstract

35
In this contribution we explore constraints on the fractions of deep water present in 36 Indian and Pacific Oceans which originated in the northern Atlantic and in the Southern Ocean. But the third one hit home. In it Klaus laid out the distribution of properties generated by Ernst 51
Maier-Reimer's ocean circulation model (Maier-Reimer & Hasselmann, 1987 during respiration appears to be nearly constant throughout the ocean's interior (Takahashi et al. 66 1985; Anderson & Sarmiento, 1994) , Broecker and colleagues , Broecker 67 et al., 1998 North Atlantic (Figure 2) (Carmack & Foster, 1975; Orsi et al., 1999) ; indeed PO 4 * beautifully highlights (2010) and Khatiwala et al. (2012) .
124
However if we use the well-ventilated shelf water value of 1.95, the north-south balance is closer 125 to 50:50 (Broecker et al. 1998 radiocarbon gradients between surface and deep waters are very small . 
Constraints Based on CFCs
172
Further insights into SO ventilation may be obtained using CFC data. As with 14 C, the 173 degree of surface water saturation (Schlosser et al., 1991) must be carefully considered if the 174 input flux of CFC tracer is to be converted to a ventilation flux for southern ocean water volume 175 (England et al., 1994) . However CFCs have the advantages over 14 C of a much larger surface to (Warren 1981) . This is also picked out by selected depth profiles along these sections (left hand panel), with the black dots showing a profile further out from the shelf edge. Entrainment of low PO 4 * waters in the subsurface reduces southern deep water PO 4 *, from 1.95 on the shelf to ~1.65 at depth. This can also be seen in the histograms in the right hand panel (encompassing larger areas than those shown in the maps and sections), which show two distinct PO 4 * populations in the top 1000 m, which mix to give the more homogenous values at depth. Note that Weddell Sea waters have higher PO 4 * than Ross Sea waters, likely due to less influence of low-PO 4 * NADW and higher local deep water formation rates, elevating PO 4 * throughout this more enclosed basin. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. * and CFC-11 through the southern portion of the Southern Ocean. The locations of the profiles in the left hand panel are illustrated with symbols and shown in the inset map: the red circles are from the Weddell Sea, the purple diamonds from the Antarctic margin in the Indian sector, and the black stars from the northern margin of the Ross Sea. In the CFC section the black dashed line indicates CFC-11 concentrations >0.5 pmol/kg and the white dotted line indicates neutral densities >28.3 kg/m 3 ; these criteria, along with depth >1500 m, are used to define the alternative deep Southern Ocean PO 4 * end member. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. waters generated in the Southern Ocean are blended in the Antarctic Circumpolar Current, forming circumpolar deep water. However a PO 4 * high at the seafloor and low at ~2000 m continue to trace the influence of AABW and NADW respectively. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. * from the North and high PO 4 * from the South takes place along shared isopycnals, and also diapycnally in the Southern Ocean mixed layer and over rough bottom topography. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) . Cross plots show all the data in this section with neutral density greater than 27.2 kg/m 3 ; the colours of the dots refer to the scale shown to the right of the cross plots. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. Figure A2 : Indian Ocean hydrographic section for potential temperature, salinity, PO 4 *, and silicate. Cross plots show all the data in this section with neutral density greater than 27.2 kg/m 3 ; the colours of the dots refer to the scale shown to the right of the cross plots. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. Cross plots show all the data in this section with neutral density greater than 27.2 kg/m 3 ; the colours of the dots refer to the scale shown to the right of the cross plots. Data are from GLODAPv2 Olsen et al., 2016) with profiles, maps, and sections plotted in ODV (Schlitzer 2015) , with sections contoured using isopycnic gridding. Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-8 Manuscript under review for journal Biogeosciences Discussion started: 11 January 2018 c Author(s) 2018. CC BY 4.0 License.
